I n t r o d u c t io n
As a rule diffusion is expected to equalize local concentration differences; th a t is, the current of diffusion is expected to flow ' down ' the gradient of the concentration. This, however, is only a special case. In general, diffusion always tends towards thermodynamic equilibrium, th at is, towards a minimum of the thermodynamic potential; in the cases to be treated this potential is equivalent to the free energy. For an ideal solution the free energy is a minimum if all components are completely mixed and the gradient of the concentration vanishes. However, in a mixture which is not an ideal solution, the free energy may be a minimum in the two-phase state, so th at there may be differences of concentration present in equilibrium. In this case, the fact th at diffusion tends towards a minimum of the free energy means th a t it will tend to increase differences of concentration to their equilibrium value. If the initial differences of concentration are smaller than their equilibrium value, diffusion will proceed ' up ' the gradient of concentration.
However, a treatm ent of diffusion which is to include diffusion 'uphill' meets many difficulties, both theoretical and experimental. There exists a somewhat tentative theoretical treatm ent by Becker (1937) for the case of a binary alloy which breaks up into two phases of different composition but identical crystal structure, but no quantitative experimental work has yet been done on the problem. The reason for this is th at diffusion 'uphill' is, in general, very difficult to isolate from other phenomena such as nucleus formation and grain growth.
The alloy Cu4FeNi3, the properties of which have been studied by Daniel & Lipson (1943 , 1944 , offers unusual facilities for the study of the general case of diffusion. It has been found possible to devise an experimental method to in vestigate diffusion 'uphill' and 'downhill' separately from other phenomena, and in a form which allows a relatively simple mathematical treatment.
T h e p r o p e r t i e s o f Cu4FeNi3
The alloy Cu4FeNi3 is single-phase face-centred cubic above 800° C, and dis sociates into two face-centred cubic phases at lower temperatures. The essential difference between the two phases in equilibrium is their content of copper; the proportion of nickel to iron remains very nearly 3 :1 in both phases. The difference of copper concentration between the two phases in equilibrium increases with falling temperature, as can be seen from figure 1. The behaviour of the alloy is thus similar to th at of a binary alloy in the centre of an almost symmetrical solid-solubility gap.
If a single-phase specimen of Cu4FeNi3 is annealed for some time at a temperature for which its equilibrium condition would be two-phase it develops a characteristic intermediate structure. Concentration differences are set up at more or less regular intervals while the coherence of the single-phase lattice remains. As a m atter of mathematical simplification the structure may be described as a periodic variation of copper concentration with distance. In first approximation the concentration of copper plotted against a linear extension in the alloy may be represented by a sine curve. This structure shows striking X-ray effects, which make it possible to measure both 'wave-length ' and amplitude of the periodicity. On a powder photograph of the alloy in the periodic state the X-ray pattern for the single-phase state is modified in such a way th a t satellite lines appear at both sides of every Debye-Scherrer line. From the separation of these side-bands from the main lines the wave-length Q of the periodicity can be deduced; it is convenient to express as a number of unit cells. The measurements of intensities give the amplitude, b, of the variation of the lattice parameter which is roughly proportional to the amplitude of the variation of copper concentration, p. We may also express as p the maximu copper concentration between a copper-rich and a copper-poor aggregate. In this notation we consider as ' aggregate ' a half-wave of the periodicity, th at is, the size of an aggregate is \Qa, where a is the lattice parameter. This 'periodic' structure is the first observable stage of the dissociation of the alloy from one into two phases. If the annealing is prolonged at constant temperature after the periodic structure has been formed, it is found th at the wave-length of the periodicity increases with time, while its amplitude remains constant. In the course of time the structure changes gradually to a normal two-phase structure.* The amplitude of the periodic structure, which is established even after the shortest time of annealing giving the side-band pattern, depends on the temperature alone. I t is proportional to the difference of copper concentration between the two phases in equilibrium in the normal two-phase structure, and for a given temperature can be calculated from figure 1.
Investigation of diffusion in a two-jphase alloy
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The properties of the alloy Cu4FeNi3 make it possible to produce by a suitable heat treatm ent a periodic structure of any desired wave-length and amplitude, within certain limits. If the alloy is not in equilibrium, the approach to equilibrium can be followed quantitatively in considerable detail. This makes the alloy suitable for the study of diffusion, provided one can arrange for the approach to equilibrium to occur in conditions simple enough to allow a quantitative interpretation. In the previous work (Daniel & Lipson 1944) changes of wave-length were measured, the amplitude being constant. This process is analogous to grain growth; its quanti tative interpretation is difficult. However, it has been found possible to measure changes of amplitude with time, keeping the wave-length constant, and this process allows a quantitative interpretation in terms of a generalized theory of diffusion.
If a specimen of the alloy is allowed to attain a given wave-length at a certain temperature Tx,it will have the amplitude characteristic of th a t temperatu is then brought to another temperature T2, the amplitude is found to reach its new equilibrium value in a time too short to alter the wave-length. Figure 2 illustrates the process. This method has the advantage th at it makes it possible to study changes of amplitude in aggregates th at are already formed by a treatm ent previous to the experiment. Thus the problems of nucleus formation are eliminated. Further more, the wave-length Q remains constant during the experiment, so th at changes of amplitude can be studied separately from phenomena of grain growth. Changes of amplitude may be observed in both possible directions; th a t is, the final amplitude may be larger or smaller than the initial one, corresponding to diffusion ' uphill ' and ' downhill ' respectively. The changes of amplitude are com pletely reversible; the amplitude always adjusts itself to its equilibrium value independently of the previous history of the specimen.
Experimentally, the amplitudes and wave-lengths are deduced from X-ray powder photographs, by methods described in the previous publications. The photographs are very sensitive to changes of b ,if the values of used are chosen about Qb/a = 0*2 and Qb/a -1-2. For small values of Qb/a photometry was used, and for larger ones the appearance of second-order side-bands. Figure 3 shows microphotometer curves of reflexions 222 from the same specimen in different stages of increasing amplitude. The curves also show th a t the wave-length of the periodicity remains constant within the limits of error. Changes of amplitude can also be measured on specimens which have already completely broken up into two phases. Each phase gives a face-centred pattern, the two patterns being slightly displaced with respect to each other. The amount of displacement gives the difference of lattice parameter of the two phases, which is proportional to the amplitude in the periodic state and is roughly proportional to
the difference of concentration. For such specimens it is not possible to speak of a wave-length Q. However, we may consider a linear extension of an average aggre gate of one phase as corresponding to \Qa because the amounts of the two phases are approximately equal. The X-ray evidence makes it probable th at the variation of concentration is essentially one-dimensional, th at is th at the structure is lamellar; the thickness of a lamella then corresponds to \Qa. If a two-phase specimen showing a difference of lattice parameter corresponding to one temperature is then brought to another temperature, the difference of the lattice parameters approaches its new equilibrium value in the same way as the amplitude does in the periodic state. The changes are again quite reversible.
The times of annealing varied between half a minute and several weeks. The shortest times of annealing needed a special technique, because it always takes a certain time for a specimen to reach the temperature of the furnace. In order to reduce this time to a minimum, the specimens were made so as to have a very small heat capacity. They were sealed into evacuated silica tubes of a wall thickness of about 0-1 mm. and were dropped into a container which was already a t the required temperature. For this purpose the furnace was tilted, and a large closed silica tube put into it so th at the closed end was in the middle of the furnace. When the large tube had attained the temperature of the furnace, the specimen was allowed to slide in. The effectiveness of this arrangement was tested by sealing antimony powder into thin silica tubes of the kind used in the experiments, and sliding them into a furnace slightly hotter than the melting point of antimony (630° C). The antimony was melted within 5 sec. The specimens were quenched by taking the large tube out of the furnace and tipping the specimens into water; this took about 1 sec.
T h e o r y
There are many processes in the solid state which involve diffusion; for instance, the homogenization of a solid solution, the formation of new phases, grain growth in a two-phase alloy, etc. Diffusion implies two conditions: th a t atoms interchange their positions, and th at this interchange leads to the migration of particular kinds of atoms in preferential directions. For an understanding of the kinetics of the processes in question it may be useful to consider these two conditions separately. (For a general discussion of this concept see Dehlinger 1939.) The existence of thermal vibrations must always lead to a certain number of atoms changing their sites per unit time. This number will depend on the mechanism of the place change, but it will in general be given by an expression
where N is the number of atoms in the alloy, E is the activation energy, and A is a factor which does not much depend on temperature.
In thermodynamic equilibrium the composition of a material of several con stituents does not change with time. That is, there is no diffusion of any particular kind of atom in any particular direction, although place changes occur. However, diffusion will occur in a material not in equilibrium if it helps to bring it into equi librium, th a t is if it leads to an increase of the free energy.
We may attem pt the calculation of the rate of diffusion if we can find an expression for the changes of free energy involved in the process in question. (For a general consideration of this problem see Glasstone, Laidler & Eyring (1941) .)
The simplest process of the kind considered is diffusion in an ideal solution under the influence of a concentration gradient. In this case the forces exerted by an atom on another are independent of the kind of the other atom. The free energy depends on the concentration conditions in the material only by its entropy term, which implies th a t equilibrium is reached if all concentration differences vanish. In this case it is possible to allow for the influence of the concentration differences in such a way as to measure directly the number of place changes of atoms per unit time; this is the significance of the coefficient of diffusion for an ideal solid solution.
In general, it is very difficult to find a quantitative expression for the free energy involved in a diffusion process. However, it becomes possible in some specially simple cases, such as th at of a binary alloy which breaks up into two phases of different composition but identical crystal structure. For this case diffusion has been treated quantitatively by Becker (1937) . Becker assumes, as a first approxi mation, th a t we can define energies necessary for separating pairs of similar or dissimilar atoms (this is an analogy to the chemical bond). He introduces the term -V AA for the energy of separating two atoms of the metal A, and similarly -V AB and -VBB for the energies of separating combinations A B and BB respectively. The free energy of the alloy is then made up of terms containing VBB and V AB, plus an entropy term.
Using his expression for the free energy, Becker derives the differential equation for the diffusion in an alloy of this type, in terms of the concentration c of one of its constituents,
where the constant K is given by
Z being the co-ordination number of the crystal structure and N Avogadro's number. For an ideal solid solution K -0, and in this case equation
with D0 as constant coefficient of diffusion. D0 is proportional to the number of .place changes per unit time in the alloy. For an alloy of face-centred cubic structure
where a is the lattice parameter. A and E have the same meaning as in equation (1).
The case K < 0 corresponds to an alloy in which dissimilar atoms are more fir bound to one another than similar ones. There is a tendency towards the formation of superlattices and if we define
as the concentration dependent coefficient of diffusion, is always larger than D. For K >0 , similar atoms are more firmly bound to each other than dissimilar ones, and thus similar atoms will tend to segregate separately. Consideration of the equation of the free energy shows th a t the mixture will be single phase at high temperatures and two phase at low temperatures. There will be a solubility gap, which closes a t a temperature (2) with > 0 it is con venient to introduce as variable c t ( x, t) = c(x, t) -\ (Be perfect symmetry with regard to the two constituents, the solid solubility gap closing at c -|). In terms of a(x, t) equation (2) becomes, for the one dimension case 8ã
The term g2 is zero for T = TK. Above th a t is, at t perature where there is no solid solubility gap, g2 is always negative, and thus D(a) always positive. That is, we have only diffusion 'downhill'. For T < TK, g2 is positive. In this case D(<x) is negative for a2(x, t) < g2, while for a2(x, t) > g2 it is positive. That is, we have diffusion 'uphill' until the concentration differences reach a value determined by cc2(x, t) = g2. This value g2(T) is near, but not identical equilibrium value of the difference of concentration, calculated from the minimum of free energy (Becker 1937) . As the difference between the two values of < x2(x,t) is not large and the experiments cannot distinguish between them, we shall in the following refer to cc2(x,t) = g2(T) as equilibrium, bearing in mind th a t this is only approximately true.
The alloy Cu4FeNi3 is in its behaviour very similar to the idealized binary alloy treated by Becker. The alloy is thus suitable to test the theory, provided th at the experimental conditions are simple enough to be interpreted quantitatively.
M a t h e m a t ic a l t r e a t m e n t
Consideration will now be given to the data provided by experiment for the con centration of copper as a function of time and distance in the alloy, and to the question how far they can be represented by a solution of Becker's differential equation.
The periodic structure in Cu4FeNi3 appears to be essentially lamellar, i.e. the copper concentration appears to vary mainly in one direction. There is an element of doubt, because the experimental evidence on this point is not quite conclusive.
Nevertheless, a variation of the concentration in the x direction only will be considered; the treatm ent of a simultaneous periodic variation in the x, y and z directions does not lead to materially different results.
For the experiments in which the wave-length Q of the periodicity is constant, the change of copper concentration c with time is assumed to be expressed by an equation
where p is the amplitude of the variation of c. I t remains an open question whether c(x, t) is purely sinusoidal or whether it should really be expressed by a Fourier series, of which equation (5) gives only the first term. This point will be discussed later.
A sinusoidal variation of the concentration, in which the amplitude only varies with time, is a solution of Fick's equation (3) provided th at
A sinusoidal variation of the concentration is thus convenient for measuring coefficients of diffusion if Fick's equation is obeyed. I t has, indeed, been used by Du Mond & Y outz (1940). They electrodeposited layers of different metals alternately, so th a t their thickness was known, and allowed the concentration differences to be reduced by diffusion, measuring their amplitudes as a function of time. Although by this method the variation is initially not sinusoidal, the authors show th at it becomes sinusoidal in a negligible time.
The integration of Becker's equation and its comparison with the experimental evidence, embodied in equation (5), proves difficult. The equation is mathematically more complicated than Fick's, and there is also a physical difficulty involved. We can show this best by using a(x, t) = c(x, t as varia equation in the form of equation (4). Equation (4) implies that for equilibrium cc{x,t) = Physically this means th at in equilibrium we should have a two-phase structure with sharp grain boundaries, i.e. th at the periodic variation of c should have a rectangular wave form. Thus a simple sine wave as assumed in equation (5) cannot be a solution of Becker's equa tion. We may overcome this difficulty in two ways: either by assuming th at equation (5) is only a first approximation and that overtones of the fundamental wave-length Q are present, or, if overtones are not present, by modifying Becker's equation.
In principle it should be possible to distinguish between the two possibilities in question by investigating experimentally the wave form of the periodic variation in Cu4FeNi3, i.e. the existence and intensity of higher Fourier components, over tones, in c(x,t) . Unfortunately, the X-ray photographs are not very suitable for this purpose. The term relevant for the contribution of the wth overtone, to the X-ray pattern, is Qbjna, where Q is the wave-length and bn the amplitude of the spacing variation for the nth overtone; bn is proportional to p n , the amplitude of the variation of concentration for the nth overtone. If Qbjna 1, the intensity of the side-band produced by the nth overtone is thus it contains n2 in the denominator. In consequence, the overtones contribute little to the diffraction pattern. For larger values of Qbjna the intensity conditions are more favourable, but then the diffraction pattern becomes more complicated, owing to the appearance of second and higher order side-bands for the fundamental wave-length (Daniel & Lipson 1944) . On the whole, the X-ray diffraction patterns given by Cu4FeNi3 are in excellent agreement with the theory, with the assumption of a purely sinusoidal variation, as indicated by equation (5). However, the presence of overtones cannot be excluded, although the intensity distribution of the side-bands indicates that the amplitudes of the second and third orders must be less than half th at of the first order.
The X-ray evidence is thus not conclusive with regard to overtones. In particular, it does not exclude the possibility th at c(x t) m for a rectangular wave form, so th at We shall, therefore, attem pt to find a solution of Becker's equation by a modified equation (5), using as variable a(x, t). We shall assume t) to series, with coefficients dependent on t only. Thus This type of expression is applied by Du Mond& Youtz (1940) as a solution of Fick's equation. It is convenient to express cos 2 i n ex If we carry out the multiplications and differentiations, we find th a t both sides of equation (4) can be expanded into an infinite series of cosine terms, with coef ficients containing dpjdt and the different Putting these coeff both sides, gives a differential equation for each pn of the type That is, a system of an infinite number of simultaneous differential equations, which gives, in principle, the possibility of determining the values of pn, provided th a t the values of th e p n's for t -0 are known. The actual calculation is extre We shall attem pt an approximate solution, writing the differential equation for the first term p x only and neglecting all pn other than p v This gives an equation (D Equation (7) implies an asymptotic approach to equilibrium as contains the term \p x -g. The equilibrium value postulated for p x is 2 which is twice th value postulated for equilibrium if the wave form is rectangular. If we assume, as is plausible, th a t in equilibrium the difference of average concentration between a copper-rich and a copper-poor aggregate is independent of wave form, we should expect the equilibrium value of the amplitude to be larger if we approximate a rectangular wave by a rounded curve. For a pure sine wave we should expect Pi = fag-A further refinement of the solution indicated seems not worth while, as the overtones of the periodic variation are, so far, experimentally inaccessible and Becker's equation is only a first approximation. I t is easily conceivable th at c(x, t) is given by a sinusoidal wave and not by a rectangular periodicity, i.e. th at there is a gradual transition between lamellae. This might be due to the strain introduced by grain boundaries; it may well be th a t a gradual transition between aggregates would introduce less strain than a sharp grain boundary, and th a t a gradual transi tion would be thermodynamically more stable. If this were the case, Becker's theory would have to be modified so as to take into account energies of strain at grain boundaries.
Investigation of diffusion in a two-phase alloy
Co m p a r is o n o f t h e t h e o r y w it h e x p e r i m e n t
At this stage it will be useful to recapitulate the available experimental material and its bearing on the theory. The alloy Cu4FeNi3 forms an intermediate structure which can in first approximation be described as a periodic variation of copper concentration with distance. The wave-lengths and amplitude of this periodic structure can be changed by various heat treatments. Each such change represents an approach to equilibrium, involving a more or less simple case of diffusion.
For the purposes of the present work the following procedure was chosen: The alloy was first brought into the periodic state so th at it had a certain wave-length and amplitude. Then it was brought to a temperature at which the equilibrium value of the amplitude was different. It was found th at the amplitude then reached its equilibrium value in a time too short to alter the wave-length. Thus the amplitude changed with time, the wave-length and temperature being constant. This represents a case of diffusion to which Becker's treatment is applicable, and his differential equation was accordingly evaluated for the conditions in question, giving equation (7). This equation will now be verified by comparing it with the experimentally found changes of the amplitude, p, with time. The theoretical equation (7) has three essential features. First, it postulates th at p should approach equilibrium asymptotically, and gives an expression for the mode of this approach. Secondly, it postulates th at dpjdt should be proportional to 1 / Q2. Thirdly, it shows that for the same difference of from its equilibrium value, dpjdt will be smaller if the absolute values of and g are small.
As for the first and second points, the experimental results can most concisely be summarized in an equation
where pE is the equilibrium value of p and is a constant. That is, experimen confirms the asymptotic approach to equilibrium postulated by theory. When integrated, equation (8) 
where p0 is the value of p for t = t0. Figure 4 shows log --a s a function of t.
Pe~P o I t can be seen that the curve, the slope of which gives D, is a straight line within the limits of error.
tim e ( 105 sec.)
p(t)
F igure 4. loge----------as a function of tim e (data p artly from the curves shown in figure 3 ).
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As for the details of the approach to equilibrium, experiment does not agree very well with equation (7) in so far as the fit of the experimental data with the integrated form of equation (7) is less good than with equation (9). However, in many cases the experimental data may be interpreted by either equation, within the experi mental error. The experiments are thus not very suitable for an investigation of the finer detail in question.
As for the second point, the dependence of dp/dt on 1 experiments were made with different values of Q. Three discrete values of Q were employed at 550° C, powder specimens being used. Thus each of the three to five measurements of for a constant Q was made on a different specimen which is a test for the reproduci bility of the results. All measurements at other temperatures refer for the same value of Q, to the same specimen (sintered rods). The results are shown on the first part of table 1. I t can be seen th a t there is a certain discrepancy between individual speci mens, but altogether the dependence on Q indicated by equation (7) appears to hold good within the limits of error. The discrepancy between different specimens is to be expected, since the measured wave-length is only an average. There is always a range of values present in each specimen, the distribution of which may affect the speed of diffusion. Table 1 Rising amplitudes As for the third point, it is interesting th at the empirical equation (8) may be derived from Fick's equation, if c denote not the concentration itself but its difference from an equilibrium value cE. That is, equation (8) is an integral of the equation
( 10)
However, the physical meaning of the constant D in equations (8) and (10) is not th at of the coefficient of diffusion in an ideal solution, D0, which depends on the number of place-changes of atoms alone. D will include terms dependent on thermo dynamic conditions in the alloy, and it is a test of Becker's theory whether it can explain quantitatively the difference between D and D0 at various temperatures.
To get an expression for D in terms of the theory we equate dp1/dt in equation (7) 
D ( P -P e ) = D o -fijiP i( lP i •
As both sides of this equation refer to the same equilibrium value of we put Pi -V > and Pe ~ an(l obtain
where p is the experimentally measured amphtude. The right-hand side of equation (11) is of course not constant, as the factor p(p + pE) varies during an experiment. Its maximum variation was by a factor of 7, but in general it was less. As a first approximation we shall use the average of p(p + pE) and treat it as constant.
The essential feature of equation (11) is th at it postulates two factors in the speed of diffusion measured by D. One of these is D0. The second factor will generally be of the order unity, but may become very small for small values of p and pE. In certain cases we should thus have very slow diffusion, although the place-changes of atoms are quite frequent.
To test equation (11), we should measure D and D0 for the same temperature. Here the difficulty arises th at we cannot measure D0 independently of D at any one temperature. However, we know th at D0 obeys equation (la), so th a t a plot of logZ>0 against l/T must lie on a straight line. Besides, at temperatures which are large compared with TK, the alloy can be considered an ideal solid solution, so th at the measurements give D0 directly. We can thus test equation (11) indirectly by calculating D0 from it for a range of temperatures. If the equation is correct, the plot of the logarithm of the calculated D0 against l/T will be a straight line. The logarithms of values of D0 measured directly at high temperatures will he on the continuation of this straight line.
At temperatures higher than TK the measurement of D unfortunately meets with experimental difficulties, because at such temperatures the process of diffusion is already rapid, while it is not possible to use times of annealing of less than 30 sec. This difficulty can to some extent be overcome by using large values of Q, since for large aggregates the changes are slower than for small ones. Because the X-ray photographs allow the direct measurement of Q only up to about Q = 150, an indirect method for measuring higher values of Q was evolved.
A DIFFUSION METHOD OF MEASURING AGGREGATE SIZE
The method used consists in comparing changes of amplitude with time in the unknown specimen with changes in a specimen with known Q a t the same tem perature. This method presupposes the dependence of dpjdt on 4 7 a s postulated by equation (7).
In practice, p(t) for the unknown specimen was measured with rising amplitudes at some temperatures, 550 or 650° C, for which D was known, and Q was calculated from equation (9).
To obtain aggregate sizes large enough for use at temperatures above 800° C the specimens had to be given a heat treatm ent which made them two-phase. The two specimens used were sintered from fresh filings by annealing for 1 day and 10 days a t 750° C; the specimens obtained are called 1 and 2 respectively.
The experimental method of finding p(t) for specim been described above. Measurements of p(t) with rising amplitudes were made on both specimens in order to determine the value of Q corresponding to the average aggregate size.
Incidentally, these measurements showed th at there is a range of aggregate sizes present also in two-phase specimens. After their treatm ent a t 750° C specimens 1 and 2 showed sharp X-ray lines. However, when the amplitude changed, the change was not equally fast for all aggregates and so the lines became broadened. Thus the diffusion method described might be used for a determination of the distribution of aggregate sizes, as well as for the determination of the average aggregate size.
For specimen 1, Q was determined to be 1300 (measurements were made at 550 and 650° C) and for specimen 2, Q was determined to be 5400 from measurements at 650° C.
Specimens 1 and 2 were used to measure the coefficient of diffusion at 820 and 850° C respectively. A measurement with falling amplitude was also made a t 750° C.
The temperatures reached were not high enough to consider the alloy as an ideal solid solution. Becker's equation shows D/D0 to be only about 0*2 for the measure ments made. This is unfortunate, as it would have been desirable to measure diffusion at temperatures high enough to give D0 directly.
R e s u l t s
The results are summarized in table 1. Column 3 gives 'D as calculated from equation (9), th at is, it characterizes the actual speed of diffusion observed. The ratio D/D0 was calculated for rising amplitudes from equation (11), for falling amplitudes directly from Becker's equation.
Measurements a t constant temperature and varying wave-lengths confirm, within the limits of error, the dependence of dpjdt on Q predicted by theory. That is, D for any one temperature is constant for different values of Q. The limits of error are fairly wide and so the confirmation is not as good as might be desired, but, as pointed out above, the measurements with varying Q at 550° C correspond each to an average over several specimens and so carry more weight than the others.
The theory postulates that D0, as calculated above, is the coefficient of diffusion th at would be measured if the alloy were an ideal solid solution and depends thus exponentially on temperature. Figure 5 shows th at this is indeed the case. This appears to be sufficient proof of the theory, in view of the fact th at D0 was derived from measurements of diffusion 'uphill' and 'downhill', over a wide range of temperatures. The results justify the calculation of the activation energy according to equation (la). The measurements give a value of -6*6 ± 0*4 x 104 cal./g. atom, while \Aai2 = 47 cm.2/sec.
The values of D/D0 tabulated in table 1 show th at in most cases the speed of diffusion should depend for its order of magnitude on D0. This one would expect from first principles. I t is of special interest to note the case of diffusion 'uphill' a t 740° C, where D is found to be considerably smaller than D0 in accordance with the theory. The theory implies indeed th at for small differences of concentration near the temperature TK where the single and two-phase state of the alloy are in equi librium, the speed of diffusion should tend to zero. This point was also qualitatively confirmed by results found for diffusion 'downhill' above TK, at very small ampli tudes. Here the general blurring of the X-ray diffraction lines, due to variations in grain size, made quantitative measurements impossible. 
Co r r e l a t io n o f t h e c o e f f i c i e n t o f d i f f u s i o n w i t h g r a in g r o w t h
Before concluding the relation of the coefficient of diffusion to the increase of Q with time may be briefly considered. This process, which is considerably slower than the approach of concentration differences to equilibrium, is analogous to grain growth and thus of considerable practical interest.
The mechanism of the increase of Q can be understood qualitatively if we assume th at large aggregates are thermodynamically more stable than smaller ones and th at they will grow at the expense of the smaller aggregates. This must lead to the dis appearance of a certain number of aggregates per unit time and so to an increase of the average aggregate size.
It is not easy to make this reasoning quantitative, as the mechanism of the interaction of small and large aggregates must necessarily be hypothetical. But we may expect that, whatever the model of interaction, dQ/dt will have to contain D0 The aim of the present work was to investigate diffusion in an alloy which deviates widely from an ideal solid solution and for which the thermodynamic conditions are yet simple.
The alloy Cu4FeNi3 is uncommonly suitable for an investigation of this kind. The thermodynamic conditions in it are simple, and it allows the use of a very con venient experimental method. This method has the advantage th at it allows dif fusion to be observed within aggregates of a size of 10~6 cm., while each measurement averages over very many aggregates. Thus complications due to imperfections of the crystal structure are unimportant, and the measurements are well reproducible.
The measurements give detailed information in a mathematically fairly simple form. In spite of this the theoretical treatm ent could only be a first approximation, and experiment could still not follow the finer details of the theory. However, it confirmed its main conclusions.
I t was found that as a first approximation the speed of diffusion could be charac terized by a quantity D, constant for any one experiment. This quantity could be considered as the coefficient of diffusion in a modified form of Fick's equation where c denotes not the concentration itself, but its difference from an equilibrium value. Theory shows that D contains two factors. The first, D0, is proportional to the number of place changes of atoms per unit time, while the second embodies the thermo dynamic conditions. It was predicted by theory and confirmed by experiment th at in most cases the order of magnitude of D is determined by D0, but th at in certain cases the thermodynamic factor becomes important. This second factor could be evaluated theoretically, if only in first approximation.
Similar considerations seem also to be applicable to grain growth in the alloy. Here also the rate of grain growth may be considered as a product of D0 and another factor. However, in this case it was not found possible to evaluate the second factor theoretically, although the experimental results qualitatively confirm the theoretical ideas.
Both theory and experiment show diffusion to be slower for large than for small aggregates. This provides a method for the measurements of aggregate sizes.
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